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copernicus.eumetsat.int

ThoMasS iIs a toolkit developed to create matchups of bio-
geophysical insitu data with satellite ocean colour products
from Sentinel-3 OLCI (S3/OLCI)

’—» EUMETSAT colleague and friend Thomas Flament gave the name to the code after a joke
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After running ThoMasS, you will get: copernicus.eumetsat.int
S3A_OLCI_L2_IPF_OL_L2M.003_FR_EUMETSAT standard_L2_3x3_Venise S3A_OLCI_L2_IPF OL__LZM.003AFR_EUMETSAT_standard_L2!3x‘3_Venise

A Insituf cvc" vt c p mdich satelyjté (dpectrgl ‘tonvolution, band-
uj khvkpi."urgevtcn"tgeqpuvtwevkqgp. " "™ T, T|EE g~

SAM=10.3+0.4 + 5100 SAM=10.3+0.4

A Satellite data (L1B T TOA radiance-or L2 T BOA water reflectance) from
EUMETSAT Data Storeand NASA OBPG (reprocessed/operational) Boon) *
matching spatially/temporally your insitu. |

A Extractions of satellite data centred at lat/lon of insitu of user-defined o g il
size (3x3, 5x5..). ~ "‘ ]

A Statistics of extractions hqnnqykpi " GWOGV Udefinegu " qt " o0 mfen 00 D RERTE
matchup protocol . T, oo iy

A Merging of simultaneous (spatially -temporally) insitu -satellite pairs , /%\

temporal interpolation , and statistics of matchups .
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NetCDF4 files: SatData, minifiles, Extraction Data Base files, In

Wavelength [nm] Wavelength [nm]

Outputs:

0.0000

A
A situ Data Base file, Matchup Data Base files. T el T e
A CSV summarizing satellite extraction statistics and matchup
statistics.
A PNG: Standardised output plots. 0 J/

Wavelength [nm] Wavelength [nm]
1
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& Contributions and testers

copernicus.eumetsat.int

A Essentially Juan is developing the code, but:

A llaria Cazzaniga (JRC) and Malcolm Taberner (EUMETSAT) developed the first matchup database
workflow at EUMETSAT. Took many ideas and the main concept from this.

A Ewa Kwiatkowska and David Dessailly continuously support the development and the concept.

A Hayley EversKing and Ben Loveday (EUMETSAT) contribute a lot to the code consolidation, user
support, training, jupter notebooks, and testing

A Eleni Kalogeraki (ECMWF) developed the first version of the GUI as part of a 8nonth internship at
EUMETSAT.

A Anna E. Wyndle di Paola, James G. Allen and Dirk Aurin (NASA) contributed to incorporate PACE.

A Frederic Melin (JRC) ran a preliminary verification with his own independent matchup workflow with
identical results.

A Testers:

A Pietro Sciuto (JRC)
A The FICE 2024 and 2025 trainees)
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& Motivation for haviloMaS

copernicus.eumetsat.int

1. Well documented, suited also for a first approach to the matchup exercise for those who are new to the
matchup exercise.

2. K v plicly available, free and open to scrutiny: it serves for the purpose of converging to a standard
matchup practice.

3. It supports the most commonly used matchup protocols in the OCcommunity .
A e.g.of existing ones: GWO GV U @¥ilxyw& Werdell 2006, Zibordi 2009, Copernicus SVC_VIS
A Versatile: new matchup protocols can be easily added via configuration files.
A It contains an easy syntax to create new gquality flags based on simple relations between products.

4. It deals (under some assumptions) with propagation of uncertainties to the performance metrics (using a
Monte-Carlo approach).

5. Already supports some of the most commonly used OCsatellite missions

A Currently supports Sentinel-3 (standard) L1B, L2, MODIS L2 (standard), VIIRSL2 (standard), SeaHawk
L2 (standard) and PACEL2 (standard)

A Versatile: new types of satellite products can be easily added via configuration files (depending on
mission, processor and processing baseline).
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1. If you use it to run your match-up exercise, you are responsible to verify the results! Reporting back and
working with us on improvements and troubleshooting is appreciated.

2. The policy of garbage-in garbage-out applies to ThoMaS: you must know well your insitu data, the satellite
product, and make sure that you are comparing T c r r toguucH r .rAtsa that your satellite pixels are
sufficiently away from land, and rationally choose your extraction size, time difference tolerance, among
many others.

3. ThoMaS does not deal with uncertainties coming from spatial and temporal collocation of insitu and
satellite data beyond very standard QC (e.g. a maximum time tolerance window, a choice of window size,
and a simple temporal interpolation). In other words, the problem of spatial and temporal autocorrelation
of the Rrs signal (and any other OCproduct) is not yet dealt within ThoMasS.

4. ThoMaS cannot still compute match-up statistics of a given insitu-satellite set with varying satellite
extraction sizes.

5. The uncertainty of the satellite component is only based on the inter-pixel variability (pixel-by-pixel
uncertainties in the satellite component are still ignored in ThoMas).

6. The uncertainties of the BRDFstep are not propagated.
7. ThoMaSy g pdqan A/C of your satellite data!
8. Many other disclaimers (working on many of these J ), but | hope it still proves useful!
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€ Some background: matgbs

copernicus.eumetsat.int

I

A What is a match-up according to ChatGPT [2023]? o

n Hi ChatGPT Chat
GPT @
AY
Hello! How can | assist you today?

n Could you define me "match-up” in the realm of Earth Observation?

In the context of Earth Observation, "match-up” refers to the process of comparing satellite ’1)

data to ground-based measurements or other reference data sources to assess the accuracy

and quality of the satellite observations.

Match-up analysis is typically used to validate satellite measurements of various geophysical
parameters, such as surface temperature, vegetation cover, sea surface temperature, and
atmospheric aerosols,lamong othersl The ground-based measurements can be obtained
from various sources, such as|ground-based sensors, buoys, weather stations, orl other téxées

of in-situ measurements. ’/)
——f 1 UAA o EhE
Of course we have much more to defl n
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€ Some background: matgbs

copernicus.eumetsat.int

A What is a match-up according to ChatGPT [2025]?
|

Hi there! @ How can | help you today? Key Components of a Match-up:

PP DY L O 1’{patialcouocatim \

L The observations must refer to the same geographic area, often defined within a specific radius or pixel

size.

2, Temporal Collocation
The observations must occur within a defined time window (e.g., within £1 hour) to ensure the
Can you define a "mﬂtCh'Up" in the realm of Earth measured environmental conditions are consistent.

3. Measurement Comparability

The observed quantities should be comparable (e.g., Sea Surface Temperature, Aerosol Optical Depth),

with harmonized units and possibly corrected for known biases or differences in measurement
\ﬁometr}/. J

Certainly!

In the realm of Earth Observation (EO), a "match-up” refers to a coincidence or alignment

Common Use Cases: %

+ Satellite vs. In-situ Validation

same target (usually a specific location on Earth) at nearly the same time and under comp

Comparing satellite dath (e.g., ocean color)jwith ground-truth data from buoys or ships.

conditions. .
* Sensor Intercomparison
Matching data from two different satellites to ensure consistency (e.g., MODIS vs. VIIRS).
More formal Iy: * Data Assimilation and Fusion
Combining different observations (e.g. satellite |, odel outputs) to improve spatial/temporal coverage
A match-up is a spatiotemporal pairing between measurements (e.g., satellite, airborne, i and accuracy.

data) that allows for direct comparison, validation, calibration, or data fusion.

Copermicus FICE 2025 @ cumersat RN Cocernicus 9



€ Some background: matgbs

copernicus.eumetsat.int

A The EO data are in practice rarely fully traceable, for instance, because fundamental
calibrations done in the laboratory prelaunch cannot be repeated in space.

A Consequently the comparison against reference measurements in a validation exercise is
often the only way to link the EO data back to an agreed standard.

In situ Satellite Ancillary [LOEW etal. 2017]
Data [z, u,] Data [y, u,) Ancillary data |J ) 1 E U &U E U AT U ] y h A E ﬁ E . y U Ag ~
\ f . hiji ABRAJRUE G AT AgJ
Quality check / Quality check / Quality check /
Homogenization Homogenization Homogenization ~ o v A~ . < - Lo~ s~
\ / J 8f YUAEhEUYUAgQg EAgUuul gl
{ Spatio-temporal ’ h ‘-J E Ag uauai g U hAl UE g Ai A g J
collocation

\

/ \‘

Representativeness
uncertainties [%]

Matchup database

[(z,y), (tz, uy)]

Metric calculation }

(
{

Interpretation
|z - y| < ky/u+uj +232

Analysis and |
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& Some background: matghs, a note apatial/temporal homogen

copernicus.eumetsat.int
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& Some background: matghs, a note apatial/temporal homogen

copernicus.eumetsat.int
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€ Some background: matgbs

2Uaxi AVEECA Cea

L, (in air, 8, ¢, A)

copernicus.eumetsat.int

Ry (6,,)) — (st ).
E;(in air, A) .
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0.0401 - Linear fit (Least Squares)
-== Linear fit (Theil-Sen) ~N=792
—e— AAOT .~"slope=0.938+0.015
0.035+ GLR slope TS=0.9074+0.0053
E (A —e— GIT - intercept=0.00006+0.00008
N intercept TS=0.000110.00005
— 0.030 St R2=0.9738+0.0034
o e MdD=-0.00025+0.00002
/ E 4 s MdAD=0.00041=+0. 00001
0.025- N s MdAPD=9.20+0. ., = ~ A N ..
— § | MCFk1=0.55 A i eegi Ag gC eAiE Vy
- P A e~ MCFk2=0.85
f f 91 Ul + CC -+ V_ G:U‘ E]llJUﬂ:% 020 CEE - A MCFk3=0.97 R 1
J R (1 = A,) = Rf 1 Rs (Ai)
L . o 7 MdPD=-5.51+0.3 Krs (Ai = A¢) = ( r)—f
+v2E 1 CEEUT gi CA 5 0.015) Rgs (A1)
X Xt & ol _UQizA sUet ' Eh eteeQE gA
= b 0005 g - s -8° zeUlgEAG EUT CAE(
2r GiyCAgU Ug AG: 0.000 | | | | ¢CAUCAU »i |l CEOi si g
R A S, £ e O . ® 1 a® w9 O g5 o o5 WO e e
_CEUG Ug AuG: ¢a@ sAzEh e &CTEY O T AT ¢ ¥ & oo zeUT gEAG 1T CAI Ci
In situ Rrs_560.0 [sr-1] L, E, R..
EU WU 1 QuE AR Ac —/ k :
ApéAg OBegBiEECA S LA Ll
A EU geUEU guC 1 Cnd Ao iCuth g EosAsel AR G J | Al B [ AR
A EU geUEU guC 1 Cyahgi2iEq U CEGUE §ii GACAAGG T | : "+ hEc cEARieae

Copermicus FICE 2025 e cumersat  [PBI Cocernics 13



€ Some background: matgbs, a note on BRDF correction

S3A OL 2 WFR 20160610T2(32635_20160610T202835_202 107067132838 0119 005 128

0.0
RGB Image in sensor geometry

R il

500

Satellite: S3A
Sensor: OLCI
Station: MOBY-M260 2016061020d

Time difference: 48.03 minutes
Sat Acquisition Time: 2016-06-10 20:26:35
matchup_id: S0001_|0001

Insitu location: -157719016666666667, 20.81716666666667

copernicus.eumetsat.int
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€ Some background: matgbs (spectrally matchingituto satellite)

copernicus.eumetsat.int

Melin & Sclep 2015 band-shifting method not applicable for hyper 2 hyper spectral matching

Rrs for satellite and in-situ (Station: Chesapeake Bay-Chesapeake Bay-00460, matchup_id: S0022 10461)

0.014 - Satellite Rrs individual pxs
—&— Satellite Rrs median
0.012 A —&— Insitu Rrs
0.010 -
—~ 0.008 -
™
w
w0
~— 0.006 - Satellite: PACE
E Sensor: OCI
o Station: Chesapeake_Bay-Chesapeake_Bay-00460
0.004 Sat Acquisition Date: 2024-05-11 17:47:24
@
0.002 -
EE=D
=
0.000 - ®
—0.002 A

300 400 500 600 700 800 900 1000
Wavelength (nm)
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Tried Talone, Zibordi and Pitarch 2024 method

This method:

1. Finds the best 3 matches from a set of exhaustive
hyperspectral Hydrolight simulations, using a
selected set of multispectral bands.

2. Establishes a blending approach in a way that the
resulting reconstructed spectrum coincides exactly
with the insitu original spectrum at the original
multispectral bands and takes the spectral
dependence of these best 3 matches in the
kpvgtogfkcvg"uswgt{yy"dcpf

Validated with a concurrent hyperspectral in situ
instrument, showing relative differences typically <5 %
between modelled and measured values.

Copernicus FICE 2025

IEEE GEOSCIENCE AND REMOTE SENSING LETTERS, VOL. 11, 1024

HOU2105

On the Application of AERONET-OC Multispectral
Data to Assess Satellite-Derived Hyperspectral Ry

Marco Talone", Senior Member, IEEE, Giuseppe Zibordi™, and Jaime Pitarch

Abstract— The potential for applying in sitn multispectral R,
data from the Ocean Color component of the Aerosol Robotic
Network (AERONET-OC) to validate satellite-derived ocean
color hyperspectral R, products was investigated in the 400-700
nm interval. The analysis was performed using a comprehensive
dataset of simulated hyperspectral R in combination with an
algorithm designed to reconstruct hyperspectral K., from multi-
spectral ones. Results were assessed using in situ hyperspectral
Ry representative of diverse water types. Excluding waters domi-
nated by a high concentration of colored dissolved organic matter,
results indicate the capability of determining hyperspectral R,
from AERONET-0/C multispeciral data with mean relative and
absolute uncertainties generally lower than 2% and 5x 107 sr™",
respectively, at a number of the key center-wavelengths of the
Ocean Color Instrument (OCI) onboard the Plankton, Aerosol,
Cloud, ocean Ecosystem (PACE) spacecraft.

Index Terms— Ocean color, remote sensing, validation.

L. INTRODUCTION

ATELLITE-DERIVED remote sensing reflectance Ry of

natural waters has shown fundamental relevance to inves-
tigate marine ecosystems through retrieved information on
optically significant water constituents such as phytoplankton
concentration. This was achieved through multispectral data
across a number of satellite sensor including the Sea-viewing
Wide Field-of-view Sensor (SeaWiFS [I]) up to the recent
Ocean and Land Color Instrument (OLCI [2]).

Further advances in satellite ocean color applications, likely
benefitting of a robust determination and quantification of
phytoplankton species, are expected by the exploitation of data
from hyperspectral sensors like those operated by the Italian
Space Agency on the PRecursore IperSpettrale della Missione
Applicativa (PRISMA) [3] or by the National Aeronautics and

Manuscript received 20 October 2023; accepied 3 January 2024, Date
of publication 8 Januwary 2024; date of cumrent version 22 Januwary 2024,
This work was supported in part by the “Severo Ochoa Center of Excel-
lence” Accreditation under Gramt CEX2019-000928-5 and in part by
the National Acronautics and Space Administration (NASA) through the
Goddard Earth Sciences Technmology and Resesrch (GESTAR) I Award
under Grant BONSSC22ZMOO001. The work of Jaime Pitarch was supponted
by the European Union through the NextGenerationEU Program, Italian Inte-
grated Environmental Research Infrastructures System (ITINERIS) Project.
{Corresponding awthor: Marco Talone.)

Marco Talone is with the Deparnament de Oceanografia Fisica | Tecnolig-
ica and the Barcelona Expert Center (BEC), Institut de Ciéncies del Mar

Space Administration on the forthcoming Plankton, Aerosol,
Cloud, ocean Ecosystem (PACE) [4].

The increased spectral resolution and number of satellite
sensors bands, however, require adequate in situ reference
measurements for a comprehensive validation of derived radio-
metric data products. This implies access not only to in situ
measurements exhibiting suitable spatio-temporal coverage,
but also satisfying the uncertainty requirements allowing to
verify the fitness-for-purpose of satellite-derived radiometric
products at the relevant center-wavelengths. This need urges
advancements on those satellite validation methods still relying
on multispectral data such as those from the Ocean Color com-
ponent of the Aerosol Robotic Network (AERONET-0C) [5].
As an alternative to the exclusive use of hyperspectral sensor
data (e.g., those from WATER-HYFERNET [6]) to support the
validation of satellite hyperspectral radiometric products, this
work addresses the potential for applying multispectral data
without restricting the process to the sole matching spectral
bands. This effort is justified by: 1). the evidence that a
finite number of spectral R, values allows for reconstructing
the full R, spectrum, still at the expense of a decreased
accuracy (e.g., [7]. [8]): 2) the assumption that a relatively
small increase in the uncertainty of reconstructed R, values
away from the actual in situ center-wavelengths might stll
ensure basis for a satisfactory exploitation of these data in the
validation of satellite ocean color radiometric products: and
3) the outstanding maturity of the AERONET-OC network
that, established in 2002, benefits of high standardization
of instruments and measurement methods [5], unique inves-
tigations on instruments performance [9] and measurement
uncertainties [10], extensive efforts to verify the accuracy of
radiometric products [11], and consolidated data reduction and
quality control schemes [12].

The main objective of the study is the quantification of the
uncertainties characterizing reconstructed R, at PACE ocean
color center-wavelengths solely relying on AERONET-OC

multispectral data from diverse water types.

II. Dara aND METHODS
A. R,, Center-Wavelengths

(spectrally matchingituto satellite)

.eumetsat.int



Some background: matgbs (spectrally matchingituto satellite)

copernicus.eumetsat.int

RGB Image in sensor geometry
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& Some background: matghs: EUMETSAT extraction protocol

copernicus.eumetsat.int

extraction oftstatistics at macropixel level

Hi AOCH EikU EUCEyYUAOUO’
N 72 1 E= B R Ny s s SN 27 A== e A o
+ 55 window ¢ Ca UEAFER AW Gy Wy Wi el LATEU
Detection of non  -valid CLOUD, CLOUD_AMBIGUOUS, CLOUD_MARGIN, INVALID, COSMETIC, SATURATED,
ixels SUSPECT, HISOLZEN, HIGHGLINT, SNOW ICE, AC_FAIL, WHITECAPS, ADJAC,
P ) RWNEG 02, RWNEG_ 03, RWNEG_04, RWNEG_05, RWNEG_ 06, RWNEG_O7,
(flagged pixels) RWNEG_O8

v

Macropixel is discarded if:

: without flagged pixels

Ngor < 50% N gror

|Va|Ue@X - HBOR| < 1 B&?ﬁ

v
median fina ) Macropixel is discarded if:
: without flagged & outlier Ufinal
CViina CViina (560)>20%
¢caC TAZA 1 U ERA Digeée yAAJ CgeUE UijgEAT gitGA®EECGCT CuE" geAg JEh oL
— 0 AStandardC d8viztion
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€ Some background: matgbs: Bailey & Werdell protocol

: 5x5 window

Detection of non
pixels
(flagged pixels)

: without flagged pixels

: without flagged & outlier

¢ceC_IAZA 1 U E

Copernicus FICE 2025

-valid

extraction oftstatistics at macropixel level

ATMFAIL, LAND, HIGLINT, HILT, HISATZEN, STRAYLIGHT, CLDICE, COCCOLITH,
HISOLZEN, LOWLW, CHLFAIL, NAVWARN, MAXAERITER, CHLWARN, ATMWARN,
SEAICE, NAVFAIL, ABSAER, MODGLINT

| value@X - HBOR| <

median fpa

Ufinal
CViina

CgeUE Ui gEAT g CATRECHCH

-

Macropixel is discarded if:

Ngor < 50% N gror

1 .g8:0

v

copernicus.eumetsat.int

Macropixel is discarded if:

Median[CV( Rrs(410 -551));CV(AOT(869))]>15%

Mean - « . <+ A . =
CUuE
l|ation

geAg JCh
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€ Some background: matgbs: what protocol to use?

X BW06 + 209 copernicus.eumetsat.int
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Current EUMETSATSs matchup protocol

: 5x5 window

Detection of non -valid
pixels

(flagged pixels)

: without flagged pixels

: without flagged & outlier

(Lopernicus

PROGRAMME OF
. Pt EUROPEAN UNION
Copernic kies 20

copernicus.eumetsat.int

extraction of statistics at macropixel level

ui AOCU EfkU ENEEyyUAOUO’
¢ Ca UEAFER AW Gy Wy Wi el LATEU

CLOUD, CLOUD AMBIGUOUS, CLOUD _MARGIN, INVALID, COSMETIC, SATURATED,
SUSPECT, HISOLZEN, HIGHGLINT, SNOW _ICE, AC_FAIL, WHITECAPS, ADJAC,
RWNEG_0O2, RWNEG_0O3, RWNEG_04, RWNEG_05 RWNEG_06, RWNEG_O7,
RWNEG_0O8

v

is discarded if:

Macropixel

Ngor < 50% N gror

| value@X - HBOR| < 1 B&?ﬁ
v
median fina Macropixel is discarded if:
Ufinal
CViina CViina (560)>20%

LA Mean

0 A Standard deviation
A @& eumersat esa 23



Current EUMETSATSs matchup praotoigmi:

copernicus.eumetsat.int

extraction of statistics at macropixel level

Hi AOCH EikU EUCEyYUAOUO’
N 72 1 E= B R Ny s s SN 27 A== e A o
+ 55 window ¢ Ca UEAFER AW Gy Wy Wi el LATEU
Detection of non  -valid CLOUD, CLOUD_AMBIGUOUS, CLOUD_MARGIN, INVALID, COSMETIC, SATURATED,
ixels SUSPECT, HISOLZEN, HIGHGLINT, SNOW ICE, AC_FAIL, WHITECAPS, ADJAC,
P ) RWNEG 02, RWNEG_ 03, RWNEG_04, RWNEG_05, RWNEG_ 06, RWNEG_O7,
(flagged pixels) RWNEG_O8

v

Macropixel is discarded if:

: without flagged pixels

Ngor < 50% N gror

| value@X - ]d’BeRmedian BORl < a._%é(.’k_ IQR gor

v
FREEHERfna-Hinal Macropixel is discarded if:
: without flagged & outlier Ufinal
CViinal CViinal (560)>200/0
LA Mean

Py PROGRAMME OF ) . G A Standard deviation
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Current EUMETSATSs matchup praotoigmi:

copernicus.eumetsat.int

extraction of statistics at macropixel level

Hi AOCH EikU EUCEyYUAOUO’
N 72 1 E= B R Ny s s SN 27 A== e A o
+ 55 window ¢ Ca UEAFER AW Gy Wy Wi el LATEU
Detection of non  -valid CLOUD, CLOUD_AMBIGUOUS, CLOUD_MARGIN, INVALID, COSMETIC, SATURATED,
ixels SUSPECT, HISOLZEN, HIGHGLINT, SNOW ICE, AC_FAIL, WHITECAPS, ADJAC,
P ) RWNEG 02, RWNEG_ 03, RWNEG_04, RWNEG_05, RWNEG_ 06, RWNEG_O7,
(flagged pixels) RWNEG_O8

v

Macropixel is discarded if:

: without flagged pixels

Ngor < 50% N gror

| value@X - gtgerMmedian gor| < F+——2dk 8 IQR gor

|
y

FREEHERfna-Hinal Macropixel is discarded if:
: without flagged & outlier Ufinal
CViinal CViinal (560)>200/0
LA Mean

Py PROGRAMME OF ) . ¥ A Standard deviation
Copernic oQUIE EUROPEAN UNION QDF)EGW?:I"\!CLEJSh G EUMETSAT @esa 25



copernicus.eumetsat.int
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Comparing outlier detection, pixel by pixel

copernicus.eumetsat.int

 Pixel X is consideredoutlier if:
' |value@X- median| < — x IQR A\

1 Central value = mean

________________________ Q:_________________________
N
S
Q O
S N
< )
| cumentprotocal .. <& 88.4% 3279 Proposed n20
' Pixel X is consideredoutlier if: 0 0y A S L e
value@X- mean| < —_ 6\6 § 1.35% 7.02% Pixel X is con&deredomi;ll_er if: 7 N
| Central value = median - AN | Ivalue@X- median] < = IQR ;
i Central value = mean _:_ boox
&
&
&
Current protocol D Q

| Pixel X is consideredoutlier if: | & 83.5% 8.06¥%

| [value@X- me_an| < 8 x 1 \3\\/ 2 329, 8.14Y%

' Central value = median : ,\0 <<</2~

""""""""""""""""""""" @ «\\>

>
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Comparing screen@acropixels

copernicus.eumetsat.int

Pixel X is consideredoutlier if:

Central value = mean

|value@X- median| < — x IQR

& v
F X

Current protocol . .
__________________ IO c)@ 135¢€ 9 Proposed n20
Pixel X s consideredoutier -1 X L giiimad '
| IXELA IS considere Mlo' N 3 768 ' Pixel X is consideredoutlier if:
! |value@X- mean| < 8 x @ : QV\“ ! Ay
 Centralvalue = median ' |value@X- median| < —x IQR e

: n_l_a b X

Central value = mean

% %
Current protocol QV(? 38
| Pixel X is consideredoutlier if: | Vé’) 1367 1
|value@X- mean| < 8 x 0 R 9 762
| Centralvalue = median Y

C0p6rnic '*“{ 20 EUROPEAN UNION peumue’seyiﬂ”ﬁ"h G EUMETSAT @esa 28



. Pixel X is consideredoutlier if:
1

| |value@X- mean| < 8 x (i
! -

' Central value = median

Copernicus FICE 2025

400 600 800 1000
CV[560] = 19.3
400 600 800 1000

Wavelength [nm]

0.004 {

0.003 A

0.002 ~

0.001

0.000 A

0.004

0.003 A

0.002 A

0.001 +

0.000 ~

400 600 800 1000
CVv[560] = 23.7
400 600 800 1000

Wavelength [nm]

Pixel X is consideredoutlier if:

' |value@X- median| < — x IQR

. Central value = mean

_____________________________________
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Current protocol

Pixel X is consideredoutlier if:
| |value@X- mean| < 8 x (i

! -
' Central value = median

A pneiigUAUE
A +0ATAAUE

Copernicus FICE 2025

0.010

Rrs [1/sr]

0.005
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600 800
Wavelength [nm]

1000

0.010 A

0.005 A

0.000 A

400

Wavelength [nm]

1000

Pixel X is consideredoutlier if:

' |value@X- median| < — x IQR

. Central value = mean

_____________________________________
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Gloria_2018_05_03_07_50_45 Gloria_2018_05_03_07_50_45

EUMETSAT _standard_L2 (PASS) EUMETSAT_new_L2 (FAIL)
0-OOE-Rrs for satellite and in-situ (Station: RAP-EsNM-RdP-EsNM-00151, matchup_id: 10152_S0003)
0.035 A
Satellite Rrs individual : L
Current protocol o s Pr oppnigisguestgtint
0.030 A

—e— InsituRrs | e e e mmmmmmmmmm—m .

Pixel X is consideredoutlier if: Pixel X is consideredoutlier if:

i ! | !
' : 0.025 ! '
| |value@X- mean| < 8 x (i — : _ ;
1 ) i 1 _ —_—
! Central value = median L0 25,0040 i [value@X- median| < IQR
L o e e e o Il—| - ) 1
— 0.00 & 0015 1 Satellte: SIA i Central value = mean
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€ Some background: matgbs
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S3A_OLCI_L2_IPF_OL_ L2M.003_FR_EUMETSAT standard_L2_3x3_MOBY
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Nbands=10
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Copernicus FICE 2025

Rrs [sr-1]
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